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COLD-AIR INVESTIGATION OF A TURBINE FOR 

HIGH-TEMPERATURE-ENGINE APPLICATION 

III - OVERALL STAGE PERFORMANCE 

by Warren J. Whitney, Edward M. Szanca, 

Bernard Bider, and Daniel E. Monroe 

Lewis Research Center 
SUMMARY 

An experimental investigation was made to determine the performance of a 30-inch 
(0. 762-m) single-stage turbine which was designed to incorporate the physical features 
associated with turbines for high-engine-temperature application. The characterizing 
features for this application, which are pertinent to the turbine aerodynamic performance, 
are thick blade profiles, blunt leading and trailing edges, and low solidity. 

The turbine developed equivalent design specific work output at equivalent design 
speed with an efficiency of 0. 923 which was the highest efficiency obtained over the 
range of conditions investigated. The corresponding equivalent mass flow, 40. 64 pounds 
per second (18. 434 kg/sec), is 1. 8 percent greater than the design mass flow. In view 
of the efficiency that was obtained with the turbine it was concluded that the compro- 
mising of the airfoil shapes, which was necessary because of cooling considerations, did 
not noticeably impair the turbine performance. 

The design mean radius velocity diagram is compared with that calculated from the 
experimental results obtained at equivalent design speed and equivalent design specific 
work output. The comparison indicated that an overexpansion occurred across the stator 
and that the reaction across the rotor was reduced. This effect was attributed to an 
excessive passage area allowance at the rotor outlet which resulted from the assumed 
design efficiency being lower than the experimentally obtained efficiency. 



INTRODUCTION 


Some advanced aircraft engines require increased cycle temperatures to achieve 
their performance goals. The turbines for these engines can be characterized by thick 
blade forms, blunt leading and trailing edges, and low solidity. The thick blunt blade 
forms are required to incorporate internal coolant passages and the low solidity to min- 
imize the amount of blade surface area. These blade forms are, therefore, compro- 
mised from what would be considered optimum from an aerodynamic standpoint. 

A 30-inch cold-air research turbine was designed with physical characteristics that 
were selected to typify those of a turbine for high-temperature application. The turbine 
design procedure and the overall stator investigation are presented in reference 1. The 
results obtained in the reference showed that the stator passed design equivalent mass 
flow at design pressure ratio. The stator also produced very close to design flow angle 
over the range of outlet critical velocity ratio investigated. The results of detailed 
surveys made immediately downstream of the stator blade trailing edge are presented in 
reference 2. The total pressure contours did not indicate any prominent secondary flow 
loss cores, and the overall kinetic energy loss was only slightly larger than that of a 
high solidity blade with a thin profile. Thus, it was concluded that the stator component 
performed well even though the blading profiles were somewhat compromised. 

This report presents the results obtained in the experimental investigation of the 
complete turbine stage. The rotor assembly was installed in the test facility and the tur- 
bine was operated over a range of speeds and pressure ratios. Turbine inlet conditions 
were 30 inches of mercury absolute (1. 0159x10^ N/m^) and about 80° F (299. 8° K). The 
turbine was investigated over a range of equivalent speeds from 40 to 100 percent design 
speed and over a range of total pressure ratio from 1. 4 to 2. 0. Turbine efficiency 
based on total pressure ratio was used to indicate the turbine performance. 


SYMBOLS 


A area, ft^ (m^) 

c blade chord, ft (m) 

p 

g force-mass conversion constant, 32. 174 ft/sec^ 
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h specific enthalpy Btu/lb (J/kg) 

l blade length, ft (m) 

N rotational speed, rpm (rad/sec) 

p p 

p absolute pressure, lb/ft 4 (N/m ) 

R gas constant, 53. 34 ft-lb/(lb)(°R) (287 J/(kg)(°K)) 

r radius, ft (m) 

s blade pitch, ft (m) 

T temperature, °R (°K) 

U blade velocity, ft/sec (m/sec) 

V absolute gas velocity, ft/sec (m/sec) 

W gas velocity relative to rotor blade, ft/sec (m/§ec) 
w mass flow rate, lb/sec (kg/sec) 

a absolute gas flow angle measured from axial direction, deg 

a r average absolute gas flow angle measured from axial direction at rotor outlet used 
in eq. (2), deg 

/3 relative gas flow angle measured from axial direction, deg 
y ratio of specific heats 

6 ratio of inlet pressure to U. S. standard sea-level pressure 
Tj efficiency based on total pressure ratio 

6 squared ratio of critical velocity at turbine inlet to critical velocity of U. S. 
standard sea-level air 

r torque, ft- lb (N-m) 

Subscripts: 

cr condition at Mach 1 

m turbine mean section 

t turbine tip section 

u tangential component 

x axial component 

0 station at turbine inlet (see fig. 4) 
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1 station at stator outlet 

2 station at rotor outlet 
Superscript: 

’ total state 


APPARATUS, INSTRUMENTATION, AND PROCEDURE 

As indicated in the INTRODUCTION, the turbine that was a single-stage cold-air 
research turbine that had a 30-inch (0. 762-m) tip diameter and was designed with the 
physical features characteristic of a turbine for high-temperature- engine application. 
The geometric characteristics of the blading are listed in table I. 

The design procedure used to evolve the blade shapes was discussed in reference 1. 
A sketch showing the blade passages and profiles is shown in figure 1 and the blading 
coordinates are listed in table n. The design requirements of the turbine are summa- 


rized as follows: 

Equivalent specific work output, h/e cr , Btu/lb (J/kg) 17.00 (39 570) 

Equivalent mean blade speed, U m /y 0 cr , ft/sec (m/sec) 500 (152. 4) 

Equivalent mass flow, w ^6 cr /6, lb/sec (kg/sec) 39. 9 (18. 098) 


As mentioned in reference 1 the efficiency used in the design procedure to size the 
rotor outlet area was 0. 885, which was selected using reference 3. Applying the 
efficiency-size correlation of reference 4 results in an efficiency of 0. 913 being pre- 
dicted for this turbine design. However, the use of the lower efficiency estimation was 
felt to be more conservative in this instance, considering that the subject blading might 
incur larger profile losses than those generally used in performance estimation proce- 
dures. Furthermore, using a given efficiency in the design procedure does not preclude 
obtaining a higher efficiency experimentally. 

The design velocity diagram that was developed to meet the design requirements was 
shown in reference 1 and is included herein for convenience in figure 2. The turbine 
stator assembly was the same as that used in references 1 and 2. The rotor assembly 
consisted of 61 blades that were machined from aluminum alloy bar stock. After the 
rotor was assembled, the blade tips were machined to provide a radial clearance of 
0. 030 inches (0. 0762 cm). This clearance results in a clearance to passage height ratio 
of 0. 0075, and the tip clearance loss for this turbine would be quite small. A photograph 
of the turbine rotor assembly is shown in figure 3. 

The test facility (fig. 4) was the same as described in reference 1 except for the in- 
clusion of the turbine rotor assembly and the absorption dynamometer. A diagrammatic 
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sketch of the turbine test section is shown in figure 5. The turbine was operated with 
dry pressurized air from the combustion air system. A calibrated Dali tube, which was 
located in a straight run of the air supply piping, was used to meter the mass flow. 
Turbine inlet and outlet pressures were set using butterfly throttle valves. The flow at 
the turbine outlet was throttled to the altitude exhaust system. The turbine power output 
was absorbed with a water cooled eddy current dynamometer. 

The Dali tube instrumentation required for the mass flow measurement consisted of 
the air stream temperature, the upstream pressure, and the throat pressure. The up- 
stream pressure was read on a mercury fluid manometer and the differential between 
upstream and throat pressures was read on a tetrabromoethane fluid manometer. The 
air temperature at the Dali tube was measured with a thermocouple and read with a 
direct reading self-balancing potentiometer. 

At the turbine inlet (sta. 0, fig. 5) the instrumentation consisted of static pressure, 
total temperature, and total pressure. The temperature was measured with two thermo- 
couple rakes, each containing five thermocouples, that were located at the area center 
radii of five equal annular areas. Static pressure was obtained from eight taps with four 
on the inner wall and four on the outer wall. The inner and outer taps were located 
directly opposite each other and were spaced 90° apart about the circumference. Total 
pressure was measured with four total pressure probes spaced 90° apart circumferen- 
tially on the area center radius. 

The instrumentation at station 1, between the stator and the rotor, was comprised of 
eight static pressure taps. These taps were spaced 90° apart with four on the inner wall 
and four on the outer wall as described for station 0. 

At the turbine outlet, station 2, the instrumentation included static pressure and 
flow angle. The static pressure was measured with eight wall taps located as described 
for stations 0 and 1. The outlet flow angle was measured with five angle sensitive 
probes and self-alining probe actuators spaced at approximately equal circumferential 
intervals. The outlet flow angle measurements were made at five radial positions cor- 
responding to the area center radii of five equal annular areas. 

The turbine rotative speed was measured with an electronic counter in conjunction 
with a magnetic pickup and a sprocket located on the turbine shaft. The turbine torque 
was measured on the dynamometer stator with a strain-gage-type load cell. The load 
cell and digital voltmeter readout were calibrated at the start of each day's running. 

All of the pressures at the turbine test section were obtained by photographing a 
mercury filled manometer board. The temperatures were read in the control room on a 
direct reading self-balancing potentiometer. 

Turbine performance was based on total pressure ratio. The inlet total pressure 
was calculated (as in ref. 1) from the static pressure, mass flow, annulus area, and 
total temperature using the following equation: 
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The outlet total pressure was also calculated using static pressure, mass flow, average 
flow angle, annulus area, and total temperature: 


p 2 _ 1 + 1 1 + y - 1 / w RT 2 

P2~ 2 + y 4 + "2iT\^A/ cos 2 a 

The temperature T^ used in equation ( 2 ) was derived from the inlet temperature, 
torque, mass flow, and speed. The flow angle a used in this equation must be taken 
as the average divergence from the axial direction, irrespective of sign. 

The performance data was used to construct the performance map in the following 
manner. The observed data points were plotted in the form of equivalent mass flow 
w V ^ cr /5 and equivalent torque t/ 6, each as a function of total to static pressure ratio 
p’o/pg. On these plots smooth lines were faired for each speed. Then the total pressure 
ratio p’q/p^, equivalent specific work output Ah/ 6 , and efficiency 77 were computed 

for each data point using the faired values of weight flow and torque. 


y/(y-l) 


( 2 ) 


RESULTS AND DISCUSSION 

The experimental results include the overall turbine performance, mass flow char- 
acteristics, variation of turbine outlet flow angle, static pressure distribution, and a 
comparison of the experimentally obtained mean radius velocity diagram with the design 
diagram. These items will be discussed in this order in the following sections. 


Overall Performance 

The basic data obtained from the turbine tests a re sh own in figures 6 and 7 with 
equivalent torque r/S and equivalent mass flow vr^8 cr /5 shown as a function of the 
total to static pressure ratio Pq/^- The curves on the two figures were faired for each 
value of percent of equivalent design speed investigated. The performance map (fig. 8) 
was then constructed from crossplots, computed from the faired values of figures 6 
and 7 . The overall performance (fig. 8) is represented by curves of equivalent specific 
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enthalpy drop Ah/0 cr as a function of mass flow-speed parameter wN/6 for the vari- 
ous equivalent speeds, with constant total pressure ratio lines and efficiency contours 
superimposed. The turbine attained generally high efficiencies with the efficiency 
varying from 0. 70 to 0. 92 for the range of conditions investigated. At the condition of 
design work output, Ah/0 cr = 17. 00 Btu per pound (39 573 J/kg) and at design equivalent 
speed, the efficiency is seen to be somewhat in excess of 0. 92. From the design speed 
crossplot of Ah/0 cr as a function of Pq/p^> equivalent design specific work output 
occurred at a pressure ratio of 1. 751 which corresponds to an efficiency value of 0. 923. 

The total efficiency obtained from the experimental results (0. 923) is considerably 
higher than that used in the design (0. 885). As mentioned previously, this design effi- 
ciency was used principally to obtain the rotor exit state conditions and was selected 
based on curves presented in reference 3. Such curves were considered in the refer- 
ence as representing reasonable levels of efficiency for given turbine work and speed 
requirements. Also, as discussed previously, a subsequent study of single-stage tur- 
bine performance was made in reference 4 using the basic equations of reference 3 but 
with specific consideration of size effects. Using the loss parameter as obtained in 
reference 4 to reflect the size of the subject turbine (stator throat area was used for 
correlation), a total efficiency of 0. 913 was computed. Thus, from these considera- 
tions, the major difference between experimental and design efficiency appears to be due 
to the test turbine being large in size. In addition, other factors contributing to the 
higher efficiency would include (1) the type of velocity diagram used with some exit whirl 
used in the subject design as compared with zero whirl used in the curves of reference 3 
and (2) the running clearance of the subject turbine being very small. 

It was also considered of interest to compare the design point performance of the 
subject turbine with that predicted by other reference procedures. Applying the method 
of reference 5, which considers the various losses within the turbine to a greater detail 
than that of reference 3, a total efficiency of 0. 929 was predicted. From figure 3. 37 of 
reference 6 (a rather general emperical correlation of efficiency as a function of velocity 
diagram parameters), an efficiency of 0. 928 (based on zero tip loss) is indicated. 

From these considerations, it appears that the total efficiency of 0. 923, obtained 
for the subject turbine, is consistent with that expected for a unit of similar design ve- 
locity diagrams, size, and running clearance. As such, it can then be concluded that the 
compromising of the airfoil shapes from cooling considerations did not impair the tur- 
bine performance to any marked degree. 


Mass Flow Characteristics 

The equivalent mass flow passed by the turbine is shown in figure 9 as a function of 
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total pressure ratio. The separation of the various speed lines in figure 9 indicates that 
the flow is being controlled by the rotor component. At 40 percent of equivalent design 
speed the rotor choked at a total pressure ratio of about 1. 65 and at 100 percent design 
speed the choking pressure ratio is approximately 2.0. At design equivalent speed and 
at die pressure ratio (1.751) corresponding to equivalent design specific work output the 
equivalent mass flow was 40. 64 pounds per second (18. 434 kg/ sec). This value repre- 
sents a flow 1. 8 percent greater than the design value. The results of reference 1 
showed that the stator component passed design flow at the design total -to -static pres- 
sure ratio. Thus the subject results would indicate that, with the turbine operating at 
equivalent design speed and equivalent design specific work output, the total -to -static 
pressure ratio across the stator must have been greater than design. This excess mass 
flow would then indicate that the passage area provided in the rotor was more than neces- 
sary. This reasoning is consistent with the efficiency that was obtained. In the design 
procedure, an efficiency of 0. 885 was assumed and this efficiency value was used to 
determine the rotor outlet total pressure and the rotor outlet flow area. If the experi- 
mentally obtained efficiency of 0. 923 had been used in the design procedure, a higher 
outlet total pressure and static pressure would have resulted and the required rotor out- 
let area estimated in the design procedure would have been smaller. 


Rotor Outlet Flow Angle 

The flow angle at the turbine outlet is shown in figure 10 as a function of total pres- 
sure ratio. The angle shown is the numerical average of the five angle measurements 
mentioned in the section APPARATUS, INSTRUMENTATION, AND PROCEDURE . The 
negative sign of the angle corresponds to a positive contribution to the work output. 
Although a certain amount of scatter is present, there is a reasonably distinct variation 
of flow angle with pressure ratio at each rotor speed. The average angle indicated at 
the conditions of equivalent design specific work output at equivalent design speed is 
-15. 2°. This angle can be compared with the value of -17. 95° which is an average flow 
angle based on the hub, mean, and tip values of the design velocity diagram. This angle 
variation from that of the design velocity diagram is also consistent with the premise 
that the flow overexpanded in the stator. Thus design work was developed with a smaller 
contribution of rotor outlet whirl velocity. 


Static Pressure Distribution Through Turbine 

The design static pressures at the hub and tip sections were obtained for the instru- 
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mented stations from the design velocity diagram and the loss assumptions that were 
used in the design procedure. This static pressure distribution is shown in figure 11 
with all pressures ratioed to inlet total pressure. Also shown in the figure is the exper- 
imental static pressure distribution that was obtained at equivalent design speed and 
equivalent design specific work output. A comparison of the design and experimental 
pressure variations through the turbine shows that the flow overexpanded in the stator. 
This would be expected since it was previously noted that the experimental weight flow at 
this condition was slightly greater than design. The comparison of pressure levels also 
shows that the rotor operated with less than design reaction at both hub and tip sections. 


Velocity Diagram at the Mean Radius 

A mean radius velocity diagram was calculated using the experimentally obtained 
values of mass flow, specific work output, and average outlet flow angle for the condition 
of equivalent design specific work output at equivalent design speed. In this procedure 
the assumption is made that the specific work output, specific mass flow, and flow angle 
at the mean radius can be taken as the average for the blade row. The rotor outlet veloc- 
ity was determined from the mass flow, average flow angle, and known total state condi- 
tions. The stator outlet velocity was then determined from mass flow and known whirl 
velocity. The diagram is compared with the design velocity diagram in figure 12. This 
comparison also shows that a small overexpansion in the stator and a reduced reaction in 
the rotor were obtained experimentally. The figure also shows that these differences did 
not affect the flow angles appreciably. Although the mass flow and the pressure drop 
through the blade rows varied slightly from design this would not be expected to cause any 
noticeable incidence losses. 


SUMMARY OF RESULTS 

A 30-inch (0.762-m) single-stage turbine, which was designed to exemplify the aero- 
dynamic problems associated with turbines for high -temperature-engine application, has 
been investigated experimentally. The experimental results include the efficiency and 
mass flow characteristics, as well as comparison of the design mean radius velocity 
diagram with the velocity diagram calculated from the experimental results obtained for 
the conditions of equivalent design specific work output and equivalent design speed. The 
pertinent results are summarized as follows: 

1. The turbine efficiency obtained at equivalent design speed and equivalent design 
specific work output was 0. 923. From this result, it was concluded that the compro- 
mising of the airfoil shapes did not noticeably impair the turbine efficiency. 
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2. The equivalent mass flow at equivalent design speed and equivalent specific de- 
sign work output was 40. 64 pounds per second (18. 434 kg/sec) which represents a value 

1. 8 percent greater than the design mass flow. 

3. A comparison of the design mean radius velocity diagram with that calculated 
from experimental results obtained at equivalent design speed and equivalent design spe- 
cific work output indicated there was overexpansion in the stator and reduced reaction in 
the rotor. This effect was attributed to an excessive passage area allowance at the rotor 
outlet, which resulted from the assumed design efficiency being lower than the experi- 
mental efficiency. 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, October 26, 1967, 

720-03-01-35-22. 
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TABLE I. - BLADE GEOMETRIC CHARACTERISTICS 


Geometric characteristic 

Rotor 

blade 

Stator 

blade 

Leading -edge -radius to chord ratio 

0. 065 

0. 066 

Trailing -edge -radius to chord ratio 

0.015 

0. 015 

Maximum thickness to chord ratio 

0.20 

0.22 

Blade chord dimension: 



in. 

2.290 

2.263 

cm 

5.82 

5. 18 

Solidity, c/s 

1.71 

1.385 

Aspect ratio, l/c 

1.75 

1.77 



TABLE H. - TURBINE BLADE COORDINATE S 3, 
(a) Stator 



From ref. 1. 


TABLE II. - Concluded. TURBINE BLADE COORDINATES 3 ' 
(b) Rotor 


Axis of 
rotation 



x, in. 

Hub 

Mean 

Tip 




Orientation angle, (p, deg 



11.31 

22. 87 

34.67 




Radius ratio, r/r t 




0.7333 

0. 8666 

1. 000 


y l> in - 

Y V , in. 

y L , in. 

V in ’ 

y L , in. 

YU, in. 

0 

. 100 

0. 150 

0. 150 
. 393 

0. 150 

0. 150 
. 358 

0. 150 

0. 150 
. 312 




. 200 

. 536 

.490 

. 397 




. 300 

.075 

. 642 

.078 

. 593 

.066 

.468 

.400 

. 149 

.725 

. 153 

. 668 

. 122 

. 523 

. 500 

. 219 

.788 

. 217 

. 722 

. 168 

. 565 

. 600 

. 283 

.839 

. 267 

.755 

. 204 

. 593 

. 700 

. 338 

. 875 

. 307 

.774 

. 232 

. 610 

. 800 

. 383 

.900 

. 339 

.781 

. 250 

.614 

.900 

.416 

.913 

. 360 

.775 

. 262 

. 609 

1.000 

.439 

.913 

. 373 

.759 

. 264 

. 594 

1. 100 

. 453 

.902 

. 377 

.734 

. 261 

. 573 

1. 200 

. 458 

. 878 

. 373 

.702 

. 252 

. 547 

1. 300 

.454 

. 845 

. 362 

. 664 

. 237 

. 519 

1. 400 

. 442 

. 801 

. 342 

. 620 

. 220 

.487 

1. 500 

. 422 

. 748 

. 315 

. 573 

. 200 

.453 

1. 600 

. 393 

. 689 

. 283 

. 523 

. 177 

.416 

1. 700 

. 356 

. 624 

. 244 

.466 

. 153 

. 377 

1. 800 

. 312 

. 555 

. 203 

.407 

. 128 

. 333 

1.900 

. 260 

. 481 

. 159 

. 346 

. 103 

. 288 

2. 000 

. 202 

.400 

. 113 

. 277 

.077 

.238 

2. 100 

. 140 

. 312 

.067 

. 204 

.050 

. 185 

2. 200 
2. 290 

.072 

. 216 

.022 

.035 

. 125 
.035 

.022 

. 128 


. 110 



2. 300 






.035 

.035 

2. 321 

i 

.035 

1 

.035 



2. 354 










Stacking axis coordinates 



x — 1 . 200 

y = 0.401 

x = 1 . 110 

y = 0. 376 

x = 1 . 080 

y = 0.337 


a From ref. 1. 
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Figure 1. - Sketch of stator and rotor blade profiles and flow passages. 


14 



54.74' 


(v/v 



Hub 

Mean 

Tip 



ft/sec 


u 

423.1 

500.0 

576~9~ 

v u,l 

859.8 

727.6 

630.5 

v u 2 

146.1 

123.6 

107.2 

V 1 

308.8 

308.8 

308.8 

V x2 

385.8 

385.8 

385.8 

V 1 

913.6 

790.4 

702.1 

v 2 

412.5 

405.1 

400.4 

w. 

534.9 

383.6 

313.4 

w 2 

687.6 

733.3 

785.4 





(c) Tip section; radius ratio, r/r t , 1.000. 

Figure 2 . - Turbine design velocity diagram. All vector values in table refer to conditions at 
U. S. standard sea-level air. (From ref. 1.) 
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Figure 5. 



diagram of turbine test section. 


Equivalent torque, t/6, N- 







5000 6000 7000 8000 9000 

Mass flow -speed parameter, wN/6, (kg)(rad)/sec^ 

Figure 8. - Overall turbine performance based on total pressure ratio. 



Equivalent mass flow, w^O^S, kg/sec 


equivalent 


m 
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m 
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r Pressure ratio for _ 
equivalent design 
- specific work 
output at equiva- 
* lent design speed 


.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 

Total pressure ratio across turbine, Pq/p^ 

Figure 9. - Variation of equivalent mass flow with total pressure ratio for various 
speeds. 


y 



</ / 

A , 
>A w 


rPressure ratio for _ 
equivalent design 
- specific work 
output at equiva- 
’ lent design speed 
I I I 
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valent speed, ‘ 


percent 

k 

40 

V 

50 
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60 

o 

70 

A 

80 

□ 

90 

o 
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Total pressure ratio across turbine, Pg/pJ, 

Figure 10. - Variation of outlet flow angle with total pressure ratio for various 



Ratio of local static pressure to turbine inlet 
total pressure, p/pQ 


to 

to 


l 


M 

1 

h-* 

CO 

CO 



inlet rotor outlet 

4 1 

0 1 2 
Instrument station of turbine test section 

Figure 11. - Comparison of static pressure 
variation through turbine on inner and 
outer walls with design static pressure 
variation. Experimental values correspond 
to equivalent design specific work output at 
equivalent design speed and pfj/p^ = 1. 751. 



Figure 12. - Comparison of design velocity diagram at mean radius with that 
calculated from experimental results obtained at equivalent design speed 
and equivalent design specific work output. (All velocities in table corre- 
spond to turbine inlet conditions of U. S. standard sea-level air.) 



Ill 1111 II .1 I I 

National Aeronautics and Space Administration 

WASHINGTON, D. C. 
OFFICIAL BUSINESS 


FIRST CLASS MAIL 


w y ' 1 ■ ; y ! -" 

POSTAGE AND FEES PAID 
NATIONAL AERONAUTIC^’ AND 
SPACE ADMINISTRATION 


01 U 001 26 61 3 1 ) S 68011 00 903 

AIR FORCE W E A r* 0 N 3 LABO.-IATO K Y / A F W L / 

K f K 1 L AMO A I R FOR Cl: B A Sb ♦ f W Or X ICO 87111 


Afl •" I S S KADI l 110 1, CAO-.v'Af C H I t F T-.(.HMt 

L ! l-.R A A V / V. 1.11/ 


POSTMASTER: 


If Undeliverable (Section 158 
Postal Manual) Do Not Return 


,r Tbe aeronautical and space activities of the United States shall be 
conducted so as to contribute ... to the expansion of human knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof .” 

— National Aeronautics and Space Act of 1958 


NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: Scientific and technical information considered 
important, complete, and a lasting contribution to existing knowledge. 

TECHNICAL NOTES: Information less broad in scope but nevertheless of 
importance as a contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: Information receiving limited distribu- 
tion because of preliminary data, security classification, or other reasons. 

CONTRACTOR REPORTS: Scientific and technical information generated 

under a NASA contract or grant and considered an important contribution to 
existing knowledge. 

TECHNICAL TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 

SPECIAL PUBLICATIONS: Information derived from or of value to NASA 
activities. Publications include conference proceedings, monographs, data 
compilations, handbooks, sourcebooks, and special bibliographies. 

TECHNOLOGY UTILIZATION PUBLICATIONS: Information on tech- 
nology used by NASA that may be of particular interest in commercial and other 
non-aerospace applications. Publications include Tech Briefs, Technology 
Utilization Reports and Notes, and Technology Surveys. 


Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Washington, D.C. 20546 


